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Abstract

Background. Earlier we reported that in children with spastic forms of cerebral palsy (SFCP) after
two-week course of rehabilitation by Kozyavkin® method the hand function tests changed
ambiguously and such a variety of changes is due to differently directed changes in the background
activity of the nerve centers. Aime: to identify the peculiarities of changes in the parameters of
EEG, HRV and GDV in children with favorable and unfavorable changes in the parameters of the
functions of the hands. Material and research methods. The object of observations were 14
children (6 girls and 8 boys) aged 8+15 years with SFCP. State motor development at GMFCS was
on II+1V level. Functional status of the hand with MACS was at II+1II level. The estimation of hand
function carried out by Dynamometry (D), Box and Block Test (BB) and Nine Hole Peg Test
(NHP). We registered also components of muscular tone by device “NeuroFlexor” (Aggero
MedTech AB, Sweden), HRV and EEG parameters simultaneosly by hardware-software complex
“Cardiolab+VSR” and “NeuroCom Standard” respectively (KhAl Medica, Kharkiv, Ukraine) as
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well as GDV parameters by “GDV Chamber” (“Biotechprogress”, St-Pb, RF). Results. The method
of cluster analysis retrospectively highlighted two distinct groups-clusters. In 9 children,
rehabilitation led to favorable changes in the parameters of the function of the hands, while in 3
children they turned out to be unfavorable. The method of discriminant analysis revealed that
unfavorable changes are accompanied by a decrease in the asymmetry of the 0- and 8-rhythms, the
spectral power density (SPD) of B-rhythm in loci F8 and Fp1, instead, it increases in loci O1 and
T3, leading to left-sided lateralization of the B-rhythm. At the same time, the SPD of the a-rhythm
in locus O1 and the 0-rhythm in locus F4 rises as well as its Deviation. These changes in the EEG
are accompanied by a reduction in vagalis and an increase in sympathetic tones. Among the GDVs
parameters, an increase in the area of the GD Image in the frontal projection, coupled with a
decrease in its Entropy in the frontal and left projections, was found. Instead, favorable changes in
the parameters of the hand function are accompanied by opposite changes in the listed EEGs, HRVs
and GDVs parameters or their absence. Conclusion. Among 14 observed children with spastic
forms of cerebral palsy caused by Kozyavkin® method changes in functional tests of hand are
favorable in 11. Adverse changes in 3 children are accompanied by characteristic changes in a
number of EEGs, HRVs and GDVs parameters, which in the long run will be corrected by
electrostimulation of the corresponding nervous structures.

Keywords: Cerebral palsy, Dynamometry, Box and Block Test, Nine Hole Peg Test, Neural, Elastic
and Viscous components of Muscular Tone, EEG, HRV, GDV, Intensive Neurophysiological
Rehabilitation System by Kozyavkin® method.

Pe3rome

IepenymoBu. Panime MU MOBIIOMISUTH, IO Y JiTel i3 CACTHYHOK (OPMOIO IepeOdpaibHOro
napaniay (COLI) micas ABOTHKHEBOro Kypey peabimitamii meromom KossBkima® TecTn Ha
MOTOPHY  (YHKIiF0O pyK 3MIHIOBAIHCS  HEOJHO3HAYHO, 1 Taki 3MiHH O0OyMOBIIEHI
PI3HOCHIPAMOBAaHMMH 3MiHaMH (POHOBOI AKTUBHOCTI HEPBOBUX IIGHTpiB. MeTa: BHSBICHHS
ocobmuBocreit 3min mapamerpiB EEI, BapiabGembnocTi putmy cepus (BPC) ta rasopopsimHOi
Bizyamizaiii ('PB) y miteii 31 CpUATIIMBUMHU Ta HECIPHUATIMBUMHU 3MIHAMHU MapaMeTpiB (QYHKIIIH
pyk. Marepian i meroau. O0'ekToM criocTepexeHb 0yiio 14 mireit (6 miBUaT Ta 8 XJIOMYUKIB) y BIIli
8-15 pokie 3 COIII. Cran MoropHOro po3BuTKy 3a mkajgorw GMFCS Oy ma piBui II=IV.
OynkiioHansHui cTaH pyk 3a mkajgoro MACS Oy ma piBai [I=IIl. Ominka ¢yHKmii pyx
3nificHIoOBaiacs 3a jpomomororo nuHamomerpii (D), tecty “xopoOka i 6moxum” (BB) Ta Tecty
“neB'atp ayHOK 1 KinkiB” (NHP). Mu peectpyBasii TakoX KOMIIOHEHTH M'S30BOTO TOHYCY 3a
noromoroto mpuctporo "NeuroFlexor" (Aggero MedTech AB, llsemis), mapamerpu BPC ta EEI
OITHOYACHO 3a JIOTIOMOTO0 arapaTHo-TporpaMHoro kominiekcis "Cardiolab + VSR" Ta "NeuroCom
Standard" (XAl Menuka, XapkiB, YkpaiHa), a Takoxk mnapamerpu [PB "GDV Chamber"
("Biotechprogress", CII6, P®). IloBTopHe TecTyBaHHS HPOBOIIIIM IICIS JBOTIIKHEBOIO KYpCy
peabimiramii. Pe3yabTaTn. MeTrogoM KIIacTEpHOrO aHANI3y PETPOCHEKTHBHO BUIIEHO ABI YITKO
BiIMiHHI MDK c000r0 Tpymw-kimactepu. Y 9 miTell peaOimiTamiss COpUYWHSIIA CIPHUATINBI 3MIHH
mapaMmerpiB (QyHKIIi pyK, HATOMICTh y 3 MiTe€li BOHHM BHSIBIIWCH HECHPHUSTIUBUMH. MeTomoMm
TUCKPUMIHAHTHOTO aHaJli3y BWSBJIEHO, IO HECHPHUATINBI 3MIHM MapaMmerpiB (QYHKIIi pyK
CYIIPOBOIKYIOTECS 3MEHIIEHHSM AacHMETpii Tera- i JeIbTa-PUTMIB, IIUIBHOCTI CHEKTPaTbHOL
noryxHocti (SPD) Gera-putmy B nokycax F8 i Fpl, HaToMicTs BOHa migBUIIyeThCs B Mokycax Ol i
T3, mo Beme M0 NMBOCTOPOHHBOI JaTepamizarii Oera-putmy. Pazom 3 tum, migBumyerbcs SPD
anpda-putmy B O1 i Tera-putmy B F4, a Takox BiIXHUIIEHHS 9aCcTOTH OCTaHHBOrO. Taki 3minn EEI
CYNIPOBOKYIOTbCS 3HWDKEHHSIM BaryCHOTO 1 INJBHIICHHSM CHMIIATHYHOTO TOHYCIB. 3-TIOMDXK
napametpiB ['PB BusiBiieHO 301iMbIIEHHS TUIOMNII 300pakeHHs y (PPOHTANBHIN MPOEKITii B MO THAHHI
i3 3MEHIIEHHSAM HOro eHTporii y (ppoHTanmbHil i NiBii mpoekmisx. HatomicTe cipusTimBi 3MiHA
nmapameTrpiB (GYHKII pyK CYNPOBOKYIOTHCS MPOTHISKHUMH 3MIHAMHU TIEpelTiueHNX IapamerpiB
a0o ix BigcyTHicTIO. BUcHOBOK. HecripusiTnuBi 3MiHU y 3 [TiTEH CYyPOBOMKYIOTHCS XapaKTEPHUMH
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3minamu Hu3ku napamerpis EEI, BPC i I'PB, ski B mepcniekTuBi OyayTh mifAaHi KOPEKIii MUITXOM
SNEKTPOCTUMYJIALIT BiAIIOBITHUX HEPBOBUX CTPYKTYP.

KarouoBi caoBa: nepebpanbHuil mapaiiy, JUHAMOMETPisl, TecTH “KopoOka i Onoku” Ta “HeB'sTh

JIYHOK 1 KUJIKIB”, HEpPBOBUH, €IaCTUYHHI 1 B’S3KHMIl KOMIIOHEHTH M’sizeBoro Tonycy, EEI’, BPC,
I'PB, cucrema inTeHcuBHOI Helipodizionoriynoi peadimitanii Ko3sBkina .

INTRODUCTION

Earlier we reported that after two-week course of Intensive
Neurophysiological Rehabilitation System (INRS) officially recognized as
Kozyavkin® method [1-3] the parameters of the hands function tests in 108
children with spastic forms of cerebral palsy (SFCP) are significantly
improved. In total the effectiveness of the restoration of functional parameters
of hands by Kozyavkin® method makes average 23,3+1,6% versus 3,5+1,4% in
control. However, the average values obscure significant differences between
individual children. In particular, in 58% of patients, changes are very tangible,
in 22% moderate, while in 20% are minor [4]. In another contingent of 29
children, we found that reducing neural component of muscle tone (NCMT)
stated in 79,3% cases from 7,6+1,0 N to 1,6+0,5 N (direct difference: -6,0+0,8
N), while in 13,8% cases changes were not detected and in 2 children only
NCMT increased from 1,6 to 3,4 and from 4,6 to 6,1 N respectively [5,6].

It is known about abnormalities in autonomous nervous system (ANS) in
patients with CP [7-9]. Obviously, these abnormalities are associated with CNS
damage. We have recently discovered relationships between the parameters
heart rate variability (HRV) as markers of ANS activity and background EEG
activity [10,11]. Proceeding from this we hypothesized that such a variety of
changes in NCMT is due to ambiguous changes in the background activity of
the nerve centers. For their evaluation are available HRV and

Electroencephalography (EEG) methods (about of Neuroimaging in the
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conditions of Ukraine can only dream). Since such children are not always able
to register EEG and HRV due to uncontrolled movements, the search for other
methods for evaluating neural activity remains relevant.

In 1996 KG Korotkov created a new scientific approach, based on the digital
videotechnics, modern electronics and computer processing quantitative data,
called as method gas discharge visualization (GDV bioelectrography). Parallel
uses the terms Kirlianography and Electrophotonics. Method of GDV, essence
of which consists in registration of photoelectronic emission of skin, induced
by high-frequency electromagnetic impulses, allows to estimate integrated
psycho-somatic state of organism. It is considered that parameters of GDV,
taken off without filter, characterizes the current psychophysiological
condition of organism while registered with a filter characterizes vegetative
regulation at the level of stable physiological processes [12,13]. Since
ambiguous attitude to the method (between excellent and fickle), previously we
conducted the study on its verification and have shown that GDV parameters
are correlated with HRV [14] and EEG [15] parameters. In another study, we
have shown that GDV parameters can change with variation in other functional
parameters of the body [16].

We have recently been shown that changes in manual functional tests and
NCMT are determined by variety in parameters of EEG and HRV as well as
GDV [17,18].

In this study, we set the goal to identify the peculiarities of changes in the
parameters of EEG, HRV and GDV in children with favorable and unfavorable

changes in the parameters of the hand functions.
MATERIAL AND RESEARCH METHODS

The object of observations were 14 children (6 girls and 8 boys) aged 8+15

years with Spastic Forms of Cerebral Palsy. Diagnose, Stage, Phase as well as
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Gross Motor Function Classification System [19] and Manual Ability
Classification System [20] levels are given in the Table 1.

Table 1. Clinical characteristics of the observed children

Child  Gender Age Diagnose Stage Phase GMFCS  MACS

G80.0 CCP: spastic  movement  lying to the 4 3
HoulL  Girl 14 tetraplegia by turning control head

G80.1 CCP: spastic ~ crawlingon independent 4 3
Myk Boy 10 diplegia their bellies  seat

G80.1 CCP: spastic  walkingon  gettingupat 4 3
Pet Girl 10 diplegia the knees the support

G80.1 CCP: spastic ~ walk with independent 3 3
HouD  Girl 14 diplegia aids seat

G80.1 CCP: spastic ~ walk with rising 3 3
Hav Boy 10 diplegia aids support near

G80.1 CCP: spastic ~ walk with rising 3 2
Pav Boy 9 diplegia aids support near

G80.1 CCP: spastic ~ walk with 2 2
BojA  Boy 15 diplegia aids self-rising

G80.1 CCP: spastic  independent 2 2
BojD  Boy 15 diplegia moves self-rising

G80.1 CCP: spastic  independent 2 2
Vor Boy 9 diplegia moves self-rising

G80.2 CCP: spastic  independent 2 2
Kry Boy 8 hemiplegia Left moves self-rising

G80.2 CCP: spastic  independent rising 2 2
Lan Girl 12 hemiplegia Left moves support near

G80.1 CCP: spastic  altenative independent 4 3
Kul Girl 12 diplegia crawling seat

G80.1 CCP: spastic ~ walk with rising 3 3
Kuch Girl 13 diplegia aids support near

G80.2 CCP: spastic  independent 1 1
Str Boy 12  hemiplegia Left moves self-rising

The estimation of hand function carried out by Dynamometry (D), Box and
Block (BB) test and Nine Hole Peg (NHP) test. To measure the strength of the
hand we used dynamometer of “Jamar” company [21]. The essence of the BB
test by V Mathiowetz et al [22] is to determine the number of wooden cubes
that patient can shift from one box to the second in a minute. The essence of
NHP test [23,24] is to determine how long the patient can turn each hand insert
and then remove wooden 9 pegs in 9 holes in the wooden bar.

For each test we calculated Laterality Index (LI) using the equation:
LI=100%¢(Right - Left)/0,5+(Right + Left)
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We registered also Neural, Elastic and Viscous components of Muscle Tone
by device “NeuroFlexor” (Aggero MedTech AB, Sweden). Recent studies have
indicated that device is suitable for measurement changes in spasticity during
CP treatment [6,25-28].

The next morning in a sitting position we recorded during 7 min
electrocardiogram in Il lead by hardware-software complex "CardioLab+HRV"
("KhAI-Medica", Kharkiv, Ukraine) to assess the parameters of HRV as
markers of vagal and sympathetic outflows. For further analysis the following
parameters HRV were selected. Temporal parameters (Time Domain Methods):
heart rate (HR), the standart deviation of all NN intervals (SDNN), the square
root of the mean of the sum of the squares of differences between adjacent NN
intervals (RMSSD), the percent of interval differences of successive NN
intervals greater then 50 ms (pNNsp). Spectral parameters (Frequency Domain
Methods): spectral power (SP) bands of HRV: high-frequency (HF, range
0,4+0,15 Hz), low-frequency (LF, range 0,15+0,04 Hz), very low-frequency
(VLF, range 0,04+0,015 Hz) and ultra low-frequency (ULF, range 0,015+0,003
Hz). We calculated also relative SP all bands as well as classical indexes LF/HF
and LFnu [29-31].

Simultaneosly with HRV we recorded EEG for 25 sec using hardware-
software complex “NeuroCom Standard” (KhAl Medica, Kharkiv, Ukraine)
monopolar in 16 loci (Fpl, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6,
01, 02) by 10-20 international system, with the reference electrodes A and Ref
on the ears tassels. Among the parameters considered the average EEG
amplitude (uV), average frequency (Hz), frequency deviation (Hz), index (%),
coefficient of asymmetry (%) as well as absolute (WV%/Hz) and relative (%)
spectral power density (SPD) in the standard frequency bands:  (35+13 Hz), a
(13+8 Hz), 6 (8+4 Hz) and 6 (4+0,5 Hz) in all loci, according to the instructions
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for the device. In addition, we calculated Laterality Index (LI) for SPD each
Rhythm using formula:

LI, % = X [200+(Right — Left)/(Right + Left)]/8

The Kirlianogram have been registered by the method of GDV with the use
the device “GDV Chamber” (“Biotechprogress”, SPb, RF) [12].

After testing children within two weekes received a classic course
rehabilitation (a detailed description is provided in the manual [3]), then
repeated the tests listed.

Digital material is treated by methods cluster [32,33] and discriminant [34]
analyses with the use of package of softwares "Statistica-5.5" and algorithm of

Truskavets’ scientific school of balneology [16].

RESULTS AND DISCUSSION

The first phase was carried out Cluster analysis of changes in hand function.
Use of Cluster analysis makes possible the simultaneous consideration of all the
signs. Considering the totality of characteristics of persons undertaken in their
relationship and conditionality of some of these (derivatives) other (main
determinants) allows as to make a natural classification that reflects the nature of
things, their essence. It is believed that knowledge of the essence of the object is
to identify those of its quality properties that actually define the object,
distinguish it from other [33].

Clustering cohort of persons is realized by iterative k-means method. In this
method, the object belongs to the class Euclidean distance to which is minimal.
The main principle of the structural approach to the allocation of uniform groups
consists in the fact that objects of same class are close but different classes are
distant. In other words, a cluster (the image) is an accumulation of points in n-
dimensional geometric space in which average distance between points is less

than the average distance from the data points to the rest points [32].
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Clusters appeared clearly delineated, as evidenced by the ratio between

Distances from Respective Cluster Center (Table 1) and Euclidean Distances
between Clusters (40,5).

Table 1. Cluster Analysis Summary.
Members of Cluster N1 and Distances from Respective Cluster Center. Cluster contains 3

cases

Kuc Kul

Str

Distance | 10,3 6,91

16,8

Members of Cluster N2 and Distances from Respective Cluster Center. Cluster contains 11

cases

Hav Pav

Vor

Lan HL

Kry

Pet

Myk

HD

BA

BD

Distance | 17,8 448

9,23

2,32 4,30

5,49

9,64

6,37

7,21

9,27

8,62

It is stated (Table 2) that members of the major cluster due to the course of

rehabilitation increases the speed of manipulation of objects with both hands, as

well as their strength (D). This is combined with a decrease in the neural

component of the muscle tone (NCMT) of the left hand in the absence of

changes in the viscous and elastic components.

Table 2. Cluster Analysis Summary.

Changes in Hand Function and Analysis of Variance

Changes in Cluster Cluster Betwe- | Within T]Z R F signif.
Variables No. 1 (3) No. 2 (11) en SS SS p

BB Left, blocks/min -4,9+0,2 +2,9+0,6 140,6 38,6 0,784 | 0,886 | 43,7 | <10
NHP Right, sec +63+23 -23+7 16214 8839 0,647 | 0,804 | 22,0 | <107
NHP Left, sec +66+7 -21+13 18027 18753 | 0,490 | 0,700 | 11,5 | ,005
BB Right, blocks/min -5,0+1,0 +4,1£1,6 195,9 277,1 | 0,414 | 0,644 | 8,5 ,013
D Left, kG -0,4+2,5 +3,0+0,8 27,76 111,65 | 0,199 | 0,446 | 3,0 ,110
Viscous CMT, Newtons | -0,36+0,06 | +0,12+0,14 | 0,546 2,24 0,196 | 0,443 | 2,9 ,113
Neural CMT, Newtons +1,7+5.8 -5,24+2,0 115,4 663,5 0,148 | 0,385 | 2,1 174
Elastic CMT, Newtons +1,4+0,4 +1,2+0,9 ,115 90,25 | 0,001 | 0,040 | 0,02 | ,904
D Right, kG +3,143,8 +3,5+1,8 0,39 432,2 | 0,001 | 0,030 | 0,01 | ,918

Notes.

n?=Sb%/(Sb?+Sw?); R=n; F=[Sb?(n-k)]/[Sw?(k-1)], where
Sb? is Between Variance;
Sw? is Within Variance;

n is number of persons (14);
k is number of groups-clusters (2).

Thus, in 11 children, functional changes are clearly favorable. Instead, in

three children, the D and NCMT indices have changed uncertainly, and speed
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tests, unfortunately, have deteriorated, that is, it should be noted that adverse
changes in the hands functions. Interestingly, this was accompanied by a
negligible but statistically significant decrease in viscous and elastic components
of the muscle tone.

In the second stage carried out Analysis of Variance and ranking variables
for coefficient n°. It was found that the largest contribution to the distribution of
clusters gives the BB test of the left hand and the NHP test of the right hand,
while the contributions of the elastic CMT and the right-hand dynamometry are
worthless.

In the third stage carried out Discriminant analysis (method forward
stepwise [34]). This analysis is applied in order to identify exactly those
indicators of the functions of hands, in which the clusters essentially differ from
each other. Contrary to the expectation inspired by the results of the dispersion
analysis, the program included a discriminant model of the change of D of the
right hand, whereas the analogue index of the left hand was out of the model
(Table 3). This indicates that the discriminant (distinctive) sign is not the

average value, but the variance of this variable, as well as its Laterality.

Table 3. Discriminant Function Analysis Summary. Changes in Hand Function
Step 6, N of vars in model: 6; Grouping: 2 grps
Wilks' Lambda: 0,0131; approx. F76=65; p<10~

Variables currently | Unfavorable | Favorable Wilks' Parti- | F-re- | p- Tole-
in the model changes (3) | changes (11) | A al A move | level | rancy
BB Left, blocks/min -4,9+0,2 +2,9+0,6 ,094 ,139 37,1 ,001 ,094
NHP Right, sec +63+23 -23+7 ,013 ,979 1 ,733 ,019
NHP Left, sec +66+7 -21+13 ,020 ,664 3,0 ,132 ,008
BB Right, blocks/min | -5,0+1,0 +4,1£1,6 ,036 ,366 10,4 ,018 ,036
D Right, kG +3,1+3.8 +3,5+1,8 ,089 ,148 | 34,6 |,001 | ,022
D Laterality, % +19+15 0+5 ,027 ,492 6,2 ,047 ,064
NHP Laterality, % +1+27 0+15 ,015 ,854 1,0 ,350 ,013
Variables currently Wilks' Parti- | Fto p- Tole-
not in the model A al A enter | level | rancy
D Left, kG -0,442,5 +3,0£0,8 ,012 ,885 | ,652 | ,456 | ,004
Neural CMT, N +1,7+5,8 -5,2+2.0 ,013 967 | ,170 | ,697 | ,485
Viscous CMT, N -0,36+0,06 +0,12+0,14 | ,012 941 | 312 | ,600 | ,792
Elastic CMT, N +1,39+0,40 | +1,17+0,90 | ,013 1,000 | ,002 | ,968 | ,586
BB Laterality, % -0,4+3,2 +4,5+6,7 ,013 1,000 | ,001 971 ,026
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Next, the 6-dimensional space of discriminant variables transforms into
one-dimensional space of a canonical discriminant function (canonical root),
which is a linear combination of discriminant variables. The discriminating
(differentiating) ability of the root characterizes the canonical correlation
coefficient (r*) as a measure of connection, the degree of dependence between
groups and a discriminant function.

Table 4 presents raw (actual) and standardized (normalized) coefficients for
discriminant variables. The raw coefficient gives information on the absolute
contribution of this variable to the value of the discriminative function, whereas
standardized coefficients represent the relative contribution of a variable
independent of the unit of measurement. They make it possible to identify those

variables that make the largest contribution to the discriminatory function value.

Table 4. Summary of Stepwise Analysis and Coefficients for Canonical Variables (Changes
in Hand Function)

Parameters Coefficients
of Wilk’s Statistics for Canonical Variables
Variables currently | Fto p- A F-va- | p- Standar- | Struc- | Raw
in the model enter | level lue level dized tural
BB Left, blocks/min | 43,7 [ 10" | 215 | 44 10" -3,046 -220 | -1,698
BB Right, blocks/min | 2,4 ,163 ,027 | 43 10 4,255 -,097 ,886
D Right, kG 14,4 ,003 ,093 | 53 10° 6,241 -,003 1,040
NHP Right, sec 4,7 ,056 ,064 | 49 10° 1,041 ,156 ,038
NHP Left, sec 2,1 ,178 ,061 | 41 10° 6,544 ,113 ,166
D Laterality, % 6,2 ,047 ,013 | 65 10™ -2,837 ,050 -,150
NHP Laterality, % 3,5 ,099 ,036 | 43 10™ 3,330 ,001 ,068
r*=0,993; Wilks' A=0,013; y°=37;p<10” Constant | -2,102

The same is the full structural coefficients, that is, the coefficients of
correlation between the discriminant root and variables. The structural
coefficient shows how closely variable and discriminant functions are related,
that is, what is the fate of information about the discriminant function (root)
contained in this variable.

As you can see, the root inversely reflects the information on changes in BB
tests and D of Right hand. Instead, with a another constellation of functional

parameters is discrimint root tied in a reverse manner.
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The sum of products of raw coefficients on the value of discriminant
variables together with the constant gives the value of discriminant function

(root) for each child and allow their visualization (Fig. 1).
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Fig. 1. Individual values of canonical Root of unfavorable (P) and favorable (O) changes in
Hand Function

Even at first glance it is possible to state a drastically difference between
the changes in Hand Function in members of two clusters. Positive individual
columns show decrease of these variables, which correlate with the canonical
discriminant root inversely, and increase of directly correlated variables. The
visual impression is documented by calculating the square of Mahalanobis
distance between the values of discriminant roots: D*y=447 (F=53; p<10™).

The same discriminan parameters can be used to identify (classify) the
belonging of one or another child to an unfavorable or favorable group. This
purpose of discriminant analysis is realized with the help of classifying

(discriminant) functions (Table 5).
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Table 5. Coefficients and Constants for Classification Functions of Changes in Hand Function

Variables Unfavorable | Favorable
currently changes (3) | changes (11)
in the model p=,214 p=,786
BB Left, blocks/min | -29,231 4,002
NHP Right, sec ,957 -,194
NHP Left, sec 3,099 -,141

BB Right, blocks/min | 15,820 -1,515

D Right, kG 18,667 -1,689

D Laterality, % -2,728 ,215
NHP Laterality, % 1,306 -,031
Constants -155,6 -3,724

These functions are special linear combinations that maximize differences
between groups and minimize dispersion within groups. The coefficients of the
classifying functions are not standardized, therefore they are not interpreted. An
object belongs to a group with the maximum value of a function calculated by
summing the products of the values of the variables by the coefficients of the
classifying functions plus the constant. In this case, we can retrospectively
recognize members of two groups unmistakably.

Now let's consider the changes of exactly what EEGs and HRVs parameters
reflect opposite changes in the parameters of the hands functions.

Among EEGs parameters revealed (Table 6) that unfavorable changes are
accompanied by a decrease in the asymmetry of the 0- and 8-rhythms, the SPD
of B-rhythm in loci F8 and Fpl, instead, it increases in loci O1 and T3, leading
to left-sided lateralization of the B-rhythm. At the same time, the SPD of the a-
rhythm in locus O1 and the 6-rhythm in locus F4 rises as well as its Deviation
(variability). These changes in the EEG are accompanied by a reduction in
vagalis and an increase in sympathetic tones. Instead, favorable changes in the
parameters of the hand function are accompanied by opposite changes in the
listed EEGs, HRVs and GDVs parameters or their absence.
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Table 6. Discriminant Function Analysis Summary. Changes in EEGs and HRV's parameters
Step 10, N of vars in model: 10; Grouping: 2 grps
Wilks' Lambda: 0,0327; approx. F0,3=8,89; p=0,049

Variables currently Unfavorable | Favorable Wilks' | Parti- | F-re- | p- Tole-
In the model changes (3) | changes (11) | A al A move | level | rancy
©-rhythm Asymmetry, % | -27+12 +8+4 ,033 ,988 ,0 ,859 | 511
A-rhythm Asymmetry, % | -33+£13 +9+7 ,123 ,265 8,3 ,063 | ,151
B-rhythm Laterality, % -54+3 -8+10 ,037 872 4 ,555 | ,173
F8-p SPD, nV’/Hz -32+22 +41+27 ,076 430 14,0 ,140 | ,239
HF HRV, % -3,44+2,8 +6,6+4,3 ,053 622 |18 ,270 | ,077
®-rhythm Deviation, Hz +1,00+0,29 | -0,05+0,30 ,040 818 | 7 A74 | 184
LFnu HRV, % +5,2+3,9 -11,244,9 ,061 534 |26 ,204 | ,093
O1-p SPD, pV°/Hz +178+81 -5+58 ,050 657 |16 ,300 | ,181
Ol-0 SPD, pV“/Hz +116+20 -20+50 ,071 462 | 35 ,158 | ,080
F4-0 SPD, % +4,3+1,7 -2,142,9 ,093 350 | 5,6 ,099 | 147
Variables currently not Wilks' | Parti- | Fto p- Tole-
In the model A al A enter | level | rancy
Fp1-p SPD, pV°/Hz -77+17 +19+31 ,024 ,746 | ,68 496 | 272
T3-p SPD, % +9,0+5,6 -6,7+6,0 ,031 946 | 11 ,768 | ,356
C3-a.SPD, % +1,0+1,7 -7,7+3,3 ,028 ,845 | ,37 ,606 | ,186

Using the information from tabl. 7 and repeating the procedure described

above, we obtain an illustration of the neurophysiological support of individual

changes in the functions of the hands (Fig. 2).

Table 7. Summary of Stepwise Analysis and Coefficients for Canonical Variables (changes in

EEGs and HRVs parameters)

Parameters Coefficients
of Wilk’s Statistics for Canonical Variables

Variables currently in the | Fto p- A F-va- | p- Standar- | Struc- | Raw
model enter | level Lue level dized tural
O-rhythm Asymmetry, % 11,9 ,005 ,503 11,9 ,005 -,157 ,183 -,0101
A-rhythm Asymmetry, % 1,9 ,207 ,119 8,7 ,006 2,242 ,151 ,1002
B-rhythm Laterality, % 3,5 ,095 ,183 | 10,0 ,002 -,873 ,128 | -,0300
F8-B SPD, uV°/Hz 4,3 ,065 254 | 9,8 ,003 1,569 ,074 | ,0199
HF HRV, % 1,1 ,350 ,060 |85 ,027 2,246 ,061 ,1696
®-rhythm Deviation, Hz 4,3 ,064 ,363 9,7 ,004 1,011 -,095 | 1,150
LFnu HRV, % 1,7 ,232 1561 19,0 ,004 -2,272 -,088 | -,1507
O1-B SPD, uV°/Hz 1,6 ,300 ,033 | 89 ,049 -1,398 -,083 | -,0080
O1-a SPD, uV°/Hz 1,2 ,320 ,064 | 9,2 ,013 -2,632 -,075 | -,0183
F4-0 SPD, % 3,0 ,134 ,079 | 10,0 ,006 -2,139 -,061 | -,2558

r*=0,984; Wilks' A=0,033; x°u0=24; p=0,007 Constant | -2,727
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Fig. 2. Individual values of canonical Root of unfavorable (P) and favorable (O) changes in
EEGs and HRVs parameters

Classification of clusters according to neurophysiological variables is also
unmistakable (Table 8).

Table 8. Coefficients and Constants for Classification Functions of changes in EEGs and
HRVs parameters

Variables Unfavorable | Favorable
currently in the changes (3) | changes (11)
model P=,214 p=,786
O-rhythm Asymmetry, % | ,0104 -,1138
A-rhythm Asymmetry, % | -,6247 ,6057
B-rhythm Laterality, % ,0625 -,3054
F8-B SPD, uV°/Hz -,1357 ,1083

HF HRV, % -,9475 1,1352
®-rhythm Deviation, Hz -3,645 10,47
LFnu HRV, % ,9662 -,8841
01-B SPD, uV°/Hz ,0449 -,0530
O1-a SPD, uV°/Hz ,0985 -,1265
F4-0 SPD, % 1,603 -1,538
Constants -27,72 -16,82

After expanding the database for discriminant analysis at the expense of
GDVs parameters, the model turned on only Entropy of the Gas Discharge
Image in Left projection with filter, the value of which significantly decreased
with adverse changes in the functions of the hands, remaining unchanged with
favorable changes. Worthy of attention is also not included in the model

changes, namely an increase in the Area of the GD Image in the frontal
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projection without filter, coupled with a decrease in its Entropy in the Frontal

projections with filter in members of first cluster (Table 9 and 10).

Table 9. Discriminant Function Analysis Summary. Changes in EEGs, HRVs and GDVs
parameters

Step 9, N of vars in model: 9; Grouping: 2 grps

Wilks' Lambda: 0,0166; approx. F,4=26; p=0,003

Variables currently in Unfavorable | Favorable Wilks' | Parti- | F-re- | p- Tole-
the model changes (3) | changes (11) | A al A move | level | rancy
O-rhythm Asymmetry, % | -27+12 +8+4 ,017 ,985 0,1 ,814 | 562
A-rhythm Asymmetry, % | -33£13 +9+7 ,080 ,207 15,3 ,017 | ,169
B-rhythm Laterality, % -54+3 -8£10 ,026 ,638 |23 ,207 | ,354
Entropy GDI Left (f) -0,27+0,04 +0,03+0,04 | ,078 212 1 14,9 |,018 | ,164
F8-B SPD, pV°/Hz -32422 +414+27 ,023 719 |16 279 | ,481
HF HRV, % -3,4+2,8 +6,6+4,3 ,023 714 116 275 | ,113
®-rhythm Deviation, Hz | +1,00+£0,29 | -0,05+0,30 ,031 539 | 34 ,138 | ,391
LFnu HRV, % +5,243.9 -11,2+4,9 ,081 ,206 | 154 | ,017 | ,028
F4-0 SPD, % +4,3+1,7 -2,1£2.9 ,023 714 116 275 | ,113
Variables currently not Wilks' | Parti- | Fto p- Tole-
in the model A al A enter | level | rancy
Fpl1-B SPD, uV7/Hz -77£17 +19+31 ,016 977 | ,07 ,808 | ,300
Entropy GDI Frontal (f) | -0,1840,13 +0,06+0,05 | ,016 ,980 ,06 ,822 | 131
T3-B SPD, % +9,0+5,6 -6,7+6,0 ,016 ,990 | ,03 872 | 472
C3-a SPD, % +1,0+£1,7 -7,7+3,3 ,016 948 | 17 712 | ,387
O1-B SPD, uV?/Hz +178+81 -5+58 013 765 |92 408 | 221
O1-a SPD, uV°/Hz +116+£20 -20+50 ,014 838 | 58 502 | ,054
Area GDI Frontal, kPx +3,94+2,12 -0,94+0,99 ,014 ,858 ,50 ,532 | ,082

Table 10. Summary of Stepwise Analysis and Coefficients for Canonical Variables (changes
in EEGs, HRVs and GDVs parameters)

Parameters Coefficients
of Wilk’s Statistics for Canonical Variables

Variables currently inthe | Fto p- A F-va- | p- Standar | Struc- | Raw
model enter | level Lue level dized tural
0-rhythm Asymmetry, % 11,9 ,005 ,503 11,9 ,005 ,167 -,129 | ,0108
3-rhythm Asymmetry, % 2,6 ,160 ,081 9,8 ,006 -2,182 | -,106 | -,0975
B-rhythm Laterality, % 3,5 ,095 ,183 10,0 ,002 -1,020 -,091 | -,0350
Entropy GDI Left (f) 2,2 ,182 ,115 9,0 ,005 -2,211 -,089 | -13,50
F8-B SPD, uV°/Hz 4,3 ,065 ,254 9,8 ,003 - 771 -,052 | -,0098
HF HRV, % 1,6 275 ,017 26,3 ,003 1,605 -,043 | /1212
0-rhythm Deviation, Hz 4,3 ,064 ,363 | 9,7 ,004 1,094 ,067 1,244
LFnu HRV, % 1,7 ,232 ,151 9,0 ,004 5,369 ,063 ,3561
F4-0 SPD, % 3,0 ,134 ,079 10,0 ,006 2,817 ,043 ,3368

r*=0,992; Wilks' A=0,017; x°¢=31; p<10~ Constant | ,7416
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Despite the seemingly slight structural changes in the discriminatory model
the power of discrimination, estimated by the criterion Wilks' Lambda, increases
from 0,0327 (approx. Fq03=8,89; p=0,049) to 0,0166 (approx. F4=26;
p=0,003) as well as D?y between clusters increases from 176 (F=7,33; p=0,064)
to 352 (F=22; p=0,005). The increase in the power of discrimination is noted in
Fig. 3.
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Fig. 3. Individual values of canonical Root of unfavorable (P) and favorable (O) changes in
EEGs, HRVs and GDVs parameters

The classification is expected to remain unmistakable (Table 11).

Table 11. Coefficients and Constants for Classification Functions of changes in EEGs, HRVs
and GDVs parameters

Variables Unfavorable | Favorable
currently in the changes (3) | changes (11)
model p=,214 p=,786
0-rhythm Asymmetry, % | ,138 -,049
d-rhythm Asymmetry, % | -1,245 ,450
B-rhythm Laterality, % -,480 ,128
Entropy GDI Left (f) -174 60,5

F8-B SPD, pV°/Hz -131 ,039

HF HRV, % 1,569 -,537
0-rhythm Deviation, Hz 16,754 -4,862
LFnu HRV, % 4,529 -1,656
F4-0 SPD, % 4,251 -1,600
Constants -85,38 -10,75
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CONCLUSION

Despite the small contingent of the observed children with spastic form of
cerebral palsy, we have proved that the differently directed changes in the
parameters of hand functions caused by two-week rehabilitation course by
Kozyavkin® method are due to differently directed changes in parameters of
EEG, HRV as well as GDV. GDV is a completely suitable non-invasive method

for assessing the effectiveness of rehabilitation.

PERSPECTIVES FOR FURTHER STUDIES

The results presented in this and previous [17,18] articles give us reason to
assume that increasing the effectiveness of rehabilitation, perhaps, is possible
through additional electrostimulation of the vagus nerve and/or certain scalp

loci.
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